ABSTRACT: Performance of pigs from birth to slaughter is a result of a complex interaction of factors, with the early stages of a pig's life likely to affect lifetime performance. During the preweaning stage, piglets are reliant on the sow for nutrition, and sibling competition is likely to affect growth, in particular for low birth weight (LBiW) piglets. The objective of the experiment was to determine the effect of litter composition (littermate weight) and milk supplementation during lactation on the performance of LBiW pigs to weaning and the long-term consequences of treatment to slaughter. The experiment was a 2 × 2 factorial with littermate weight (normal or LBiW) and provision of supplementary milk from d 1 to 28 (yes or no) as factors. A total of 265 piglets were selected within 24 h of birth and cross-fostered to create 2 litter types (LOW = LBiW pigs [≤1.25 kg] only and MX = both LBiW and normal birth weight pigs [1.6 to 2.0 kg]); half of the litters within a type were supplemented with milk and the other half were not. The behavior of litters given milk was recorded to identify milk consumption patterns. Piglets were weaned at d 28 and kept in their litters until d 70 and then subsequently housed in mixed groups until slaughter. No difference was observed at any stage in the ADG of pigs given access to supplementary milk or not (P > 0.05) nor was there any significant interaction between milk provision and litter composition (P > 0.05). However, LOW litters drank significantly more supplementary milk than MX litters (P < 0.001). There was a significant effect of litter type on ADG from d 14 to 28, with LBiW pigs in LOW litters performing better than those in MX litters (0.252 versus 0.217 kg/d; P < 0.05). At weaning, LBiW piglets in LOW litters weighed over 500 g more than those in MX litters (P < 0.05). In MX litters there was a significant interaction between birth weight and supplementary milk on the CV of BW from d 14 to slaughter (P < 0.05).
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In conclusion, grouping LBiW piglets with similar sized littermates preweaning can improve preweaning performance by reducing competition from heavier littermates; however, this advantage does not persist after weaning. Although supplementary milk does not improve LBiW pig performance before or after weaning, it affects their drinking behavior and can reduce the variation in the BW of LBiW piglets in mixed litters to slaughter.
INTRODUCTION
Increases in litter size in recent years have resulted in significantly more piglets born with low birth weights (LBiW; Beaulieu et al., 2010; Baxter et al., 2013; Rutherford et al., 2013) . Subsequent growth of these piglets is often below average, and at slaughter these pigs can weigh significantly less than their pen mates. To maximize the growth of these LBiW pigs and reduce variability, there needs to be renewed focus on the earlier stages of production (Pluske et al., 2005; Douglas et al., 2013) .
Weight gain of pigs during the preweaning stage varies significantly, given the many influential factors. Piglets are reliant on milk from the sow and, during lactation, sibling competition may have a major effect on survival and growth (Milligan et al., 2002b) . This is likely to affect small pigs the most, often exacerbating the difference in BW by weaning, leaving these piglets further disadvantaged.
Presently there are few treatments that can improve the growth of LBiW pigs during lactation or at any other stage during production. Providing piglets with supplemental milk replacer during lactation can improve weaning weights (Kim et al., 2001; English and Bilkei, 2004; Morise et al., 2011) , although the benefits for growth to slaughter are inconclusive. It has also been suggested that LBiW pigs are at a competitive disadvantage when raised with heavier littermates; therefore, they may perform better in litters with less weight variability (English, 1998) . The objective of this study was to determine the effect of littermate weight and milk supplementation during lactation on the growth performance of LBiW pigs to slaughter weight. It was hypothesized that there would be an interaction between littermate weight and milk supplementation, with LBiW pigs in mixed litters being more likely to benefit from milk supplementation due to greater competition from heavier littermates for limited resources. The long-term effects of these treatments were also evaluated.
MATERIALS AND METHODS

Experimental Design
The experiment was conducted at Cockle Park Farm, Newcastle University, Newcastle upon Tyne, UK, and was approved by the Animal Welfare and Ethics Review Board at the university. The experiment was designed as a 2 × 2 factorial with 6 replicates. A total of 265 crossbred piglets (dam was Large White × Landrace cross and sire was Hylean synthetic; Hermitage Seaborough Ltd., Devon, UK) were cross-fostered onto 24 sows. Treatments were litter composition (LOW = LBiW pigs only or MX = LBiW and normal birth weight [NBiW] pigs) and provision of milk supplement from d 1 to 28 (yes or no). There were 6 replicates of each treatment. The experimental unit was the litter mean of all LBiW pigs.
Animal Management
Sows were farrowed on a 3-wk cycle in individual farrowing crates, which were equipped with a feeder and drinker for the sow. A total of 6 batches were used; each batch was a full replicate. They were allowed to farrow normally at term over a 4-d period (Monday to Thursday); sows that had not farrowed within this period were then induced on Thursday by injection of a prostaglandin analogue. All piglets were teeth clipped within the first 12 h of birth and were tail docked and given an iron injection at d 3. The temperature in the farrowing house was maintained at 21°C by a centrally controlled heating and ventilation system; an infrared heat lamp was located in the creep area for the piglets to provide a microclimate during the lactation period. The nutrition of the sows was standardized across all treatments, with a home-milled meal fed before and during lactation (18.5% CP, 13.98 MJ DE, and 0.95% total lysine). Sows were fed 2.0 kg/d before farrowing; this was then increased by increments of 0.5 kg/d until they were fed 10 kg/d. From d 10 onward, a small amount of pelleted creep feed for the piglets was placed on the floor of the heated creep area once a day and was the same as the starter 1 diet fed at weaning (23.0% CP, 16.0 MJ DE, and 1.43% total lysine).
Pigs were weaned at 28 d, when they were transferred to controlled environment nursery accommodation with plastic slatted floors and housed in their preweaning litters. Pigs were vaccinated for Mycoplasma hyopneumoniae and porcine circovirus type 2 (Inglevac Mycoflex; Boehringer Ingelheim, Ingelheim, Germany). The initial temperature in the nursery accommodation was 26°C and was reduced by 0.2°C/d to a minimum of 22°C. Each pen had a multiplace feeder with 3 spaces and a nipple drinker; all pigs had ad libitum access to feed and water. Pigs were fed a standard 3-stage commercial diet regime from d 28 for approximately 2 to 3 wk (starter diet 1 = 23.0% CP, 16.0 MJ DE, and 1.43% total lysine; diet 2 = 22.0% CP, 15.25 MJ DE, and 1.33% total lysine; and diet 3 = 21.7% CP, 15.0 MJ DE, and 1.28% total lysine). After this period, all pigs were fed the same home-milled meal ad libitum (20.5% CP, 14.82 MJ DE, and 1.28% total lysine). At approximately 10 wk of age, pigs were transferred to a separate controlled environment, fully slatted grower accommodation on site, where they were fed the same home mixed "grower" diet (20.04% CP, 13.98 MJ DE, and 1.20% total lysine). At approximately 16 wk of age they were moved again to a fully slatted finishing building where they were fed a purchased "finisher" diet ad libitum (19.0% CP, 13.64 MJ DE, and 1.10% total lysine) until slaughter at approximately 143 d. After pigs were moved to the grower accommodation they were randomly mixed by litters according to farm protocol. In both grower and finisher accommodation, each pen had a multispace feeder with 3 spaces and a nipple drinker; all pigs had ad libitum access to feed and water.
Experimental Procedures
Within 12 h of birth all piglets were weighed and those selected for the experiment were ear tagged for identification. Pigs were individually identifiable at all stages of the experiment. Low birth weight piglets were classified as weighing ≤1.25 kg and NBiW piglets as weighing 1.6 to 2.0 kg (Douglas et al., 2013) at birth; piglets that did not meet these weight criteria were crossfostered onto nonexperimental sows. Morphometric measurements were also taken at birth-crown-rump length (CRL), snout-ears length, and abdominal and cranial circumference-and used to calculate the relative CRL (CRL/kg) and ponderal index (PI; BW/CRL 3 ).
To create the experimental litters, all piglets were randomly assigned to a litter within 24 h after birth.
Where possible, each experimental litter contained an equal number of piglets of each sex. To ensure there was no litter of origin effect, cross-fostered litters consisted of pigs from at least 4 different birth litters, with no more than 3 piglets from the same litter. Litter size was set at 11 or 12 piglets, depending on the number of suitable piglets available in a batch. In LOW litters 11 to 12 LBiW pigs were grouped together, whereas MX litters consisted of 5 to 6 LBiW and 5 to 6 NBiW piglets. All sows used were first or second parity to ensure small piglets could access their teats. Each sow was also checked to ensure there were sufficient functional teats to support the litter size allocated. Once the experimental litters were set, they were randomly assigned within batch to the milk supplementation treatment. Half of the litters were given access to supplementary milk (SUP), and half were not (NSUP). A feeder containing supplementary milk for the piglets was added to the pen of SUP litters from 24 h after birth. This comprised a dish attached to the slats at the rear of the pen, which was filled twice a day or as needed. Milk consumption was monitored throughout the day to ensure there was always milk available. If milk was found to be contaminated, then it was discarded and fresh milk was added. Any discarded milk was measured to ensure accurate estimation of milk intake. To minimize milk spillage a small metal bowl 25 cm in diameter and 3.5 cm deep was used for the first 10 d; this was then replaced with a larger plastic bowl of 37.5 cm diameter and 6.5 cm depth. Milk was prepared by hand mixing 150 g commercial milk powder (Faramate; Volac, Royston, UK; protein = 22%, oil = 14%, ash = 7.5%, and fiber = 0%) with 1 L of warm water. Piglet snouts were dipped in the milk for training on 2 consecutive days. Daily milk intake was recorded for each litter by measuring the milk added and refused; in addition, cameras were set up to record piglet behavior at the milk dish. Piglets were observed for signs of diarrhea (nutritional scours) related to the milk supplement and other illness. Any piglets that exhibited diarrhea were treated with 0.5 to 1 mL of Norodine (Norodine 24 solution for injection; Norbrook, Corby, UK) depending on the BW; if 3 or more piglets in a litter showed symptoms, the whole litter was treated. If piglets did not reach 4 kg BW by d 28, then they were not weaned and were removed from trial.
From d 1 to 28, pigs were individually weighed twice a week, on a Monday and Thursday morning. From d 28 to 49, pigs were weighed once a week on a Thursday morning. Additional weights were taken at 100 d and a final weight was taken on the day before slaughter (approximately d 143). With these measurements, ADG was calculated for individual animals and treatment groups and average daily milk intake (ADMI) for litters. The CV of BW was calculated for individual litters.
Behavioral Observations
Digital video cameras were used to record piglet behavior. All litters with supplementary milk (both LOW and MX) were observed on d 13, 20, and 27 to cover the period at which lactation yield plateaus (Nielsen et al., 2002; Hansen et al., 2012) and piglets should increasingly seek extra nutrition from the supplementary milk. On observation days, piglets were weighed and marked on the back with individual markings (different symbols and colors). At approximately 0900 h the cameras were then turned on and fresh milk supplement was added to the milk bowl. The videos were left on for 24 h and turned off the following morning at approximately 0900 h. From 1600 h the lights in the farrowing house were switched off (with the exception of the heat lamps in the creep area) so an additional light was added above the milk dish to allow the cameras to record the piglets. Subsequently, a continuous record of each pig's behavior for an 8-h period from 0800 until 1600 h was obtained using the behavioral research software, Observer 5.0 (Noldus Information Technology, Wageningen, The Netherlands) to quantify the frequency and duration of the following behaviors:
1. Drinking supplementary milk, defined as a piglet being at the bowl with its head down for longer than 3 s, and 2. Suckling; the start of the suckling bout was defined as when 8 or more piglets gather at the sow udder and begin massaging. The suckling bout was finished when 8 or more piglets had stopped massaging and moved away from the udder or the sow moved position and therefore terminated the suckling bout.
Statistical Analysis
Growth performance (ADG) was summarized for the following periods: d 1 to 14, d 14 to 28, d 28 to 49, d 49 to 100, and d 100 to 143. All performance data was tested for normality using the Univariate procedure of SAS version 9.2 (SAS Inst. Inc., Cary, NC) and was normally distributed. For behavioral data, normality testing showed that the data were skewed, so they were transformed (log or square root) and then results back transformed for presentation. Statistical analyses were conducted at a significance level of 5% and data presented as least square means. Data for all analyses were blocked by farrowing batch (6 batches). Treatment × batch interactions were added to all preliminary models but were not significant and were therefore omitted from subsequent analysis.
A chi-square test was used to compare the effects of litter composition (LOW or MX) and milk supplementation (SUP or NSUP) on the reason for removal of pigs from trial and also for the occurrence of diarrhea. The effect of litter composition on milk intake was estimated using a 1-way ANOVA using Proc mixed of SAS. For both analyses, the litter was the experimental unit.
Low Birth Weight Pigs in Low Birth Weight Only and Mixed Litters
Body weight, ADG, and CV were entered as the dependent variables to determine the effect of treatments on the different performance indicators. The experimental unit was the litter mean of all LBiW pigs; for LOW this was 11 to 12 piglets and for MX litters this was 5 to 6 LBiW piglets. After litters were mixed at d 70, pens were considered the experimental unit. The effect of littermate weight and milk supplementation on performance indicators was analyzed with a repeated measures ANOVA using Proc Mixed of SAS. Littermate weight, milk supplementation, and time were added as factors to the model. Sex was also included as a factor in the preliminary model, but as it was not significant, it was omitted from subsequent analysis. As the number of LBiW piglets in LOW and MX litters varied, a weighted statistical analysis was used. Using the weight statement of Proc Mixed, a count of the number of LBiW piglets in each litter was added to the model as an additional variable. Behavioral data was also analyzed with a repeated measure ANOVA. The same analysis was repeated with the following variables: number of milk feeds per 24 h, time spent feeding (s per 24 h), and number of suckling bouts per 24 h. Time (d 13, 20, or 27) was also included as a factor in the model. An additional model comparing the performance of LBiW piglets in LOW litters and NBiW piglets in MX litters was run. The experimental unit was the litter mean of LBiW or NBiW pigs. The model was the same as above.
Low Birth Weight and Normal Birth Weight Pigs in Mixed Litters
Body weight, ADG, and CV were entered as the dependent variables to determine the effect of treatments on the different performance indicators. The experimental unit was the litter mean of LBiW or NBiW pigs. After litters were mixed at d 70, pens were considered the experimental unit. The effect of littermate weight and milk supplementation on performance indicators was analyzed with a repeated measure ANOVA using Proc Mixed of SAS. Birth weight, milk supplementation, and time were added as factors to the model. Sex was included as a factor in the preliminary model, but as it was not significant, it was omitted for subsequent analysis. As LBiW and NBiW piglets were from the same litter and therefore their performance was confounded, data was blocked by litter. Litter × treatment interactions were also tested; however, they were not significant so they were removed from further analysis. For the behavioral data, the repeated measures ANOVA was repeated with the following variables: number of milk feeds per 24 h, time spent feeding (s per 24 h), and number of suckling bouts per 24 h. Time (d 13, 20, or 27) was also included as a factor in the model.
RESULTS
Litter composition and milk supplementation had no significant impact on the mortality rate of LBiW piglets or the number of removals from the trial (Table 1) . Treatment with antibiotic was higher in litters (MX or LOW) with milk supplementation in comparison to those without milk (P < 0.001), although there was no difference between MX and LOW litters (Table 1) . At birth, LBiW pigs (in MX or LOW litters) had a shorter CRL of 23.2 cm (SD = 1.88) compared to 27.4 cm (SD = 2.13) for NBiW piglets (P < 0.001). However, LBiW pigs had a significantly higher CRL/BW (21.0 cm/kg; SD = 2.81) than NBiW pigs (15.2 cm/kg; SD = 1.01; P < 0.001). Low birth weight pigs also had a significantly lower PI (89.5 kg/m 3 ; SD = 10.3) than NBiW pigs (99.5 kg/m 3 ; SD = 11.5; P < 0.001). 2 Antibiotic treatments for scours were for individual pigs and for multiple episodes. The values only includes pigs that were treated after being diagnosed with diarrhea rather than pigs that were treated as a result of 3 or more piglets in the litter having diarrhea.
Performance and Behavior of Low Birth Weight Pigs in Low Birth Weight Only and Mixed Litters
The effects of litter composition (LOW or MX) and milk supplementation (SUP or NSUP) on the BW and ADG of LBiW pigs from birth to slaughter are shown in Table 2 . There was no effect of milk supplementation on the BW or the ADG of LBiW pigs in LOW and MX litters for all periods examined nor was there any interaction between litter type and milk supplementation on the performance of the piglets (P > 0.05). There was no effect of litter type or milk supplementation on the within-litter CV of BW of pigs from birth to d 143 (data not shown).
When considering the effect of litter type on the BW of LBiW pigs, there was no significant difference during the earlier part of lactation (d 1 and 14) . However, at d 28, LBiW pigs in LOW litters weighed 500 g more than LBiW pigs in MX litters (P < 0.05). By d 49 there was a 750 g difference between these pigs from LOW and MX litters, which had increased to 2 kg by d 143; however, neither were considered significant (P > 0.05). Similarly, there was no effect of litter type on the ADG of piglets from d 1 to 14 of lactation; however, from d 14 to 28, LBiW pigs in LOW litters grew better than those in MX litters (0.252 versus 0.271 kg/d; P = 0.021). After d 28 there was no effect of litter type on the ADG of LBiW pigs (P > 0.05).
There was no difference in the number of supplementary milk feeding episodes of LBiW piglets between litter types for all time periods examined (P > 0.05). In contrast, milk feeding duration was increased in LBiW piglets in MX litters compared to LOW litters (33 versus 15.8 s; P < 0.001). There was also a difference in the number of nursing episodes between litter types, with LOW litters suckling more often in an 8-h period than MX litters for d 23 (11.6, SD = 4.10, versus 8.17, SD = 3.25; P < 0.001).
There was a significant difference in the milk intake of LOW and MX litters. Piglets in LOW litters had a higher ADMI over the 28-d lactation period in comparison to those in MX litters, with an average of 171 mL/d per pig compared to 138 mL/d, respectively (P = 0.047).
Performance and Behavior of Low and Normal Birth Weight Pigs in Mixed Litters
Birth weight had a significant effect on BW from d 1 to 143, with LBiW pigs weighing significantly less at all periods examined (P < 0.001; Table 3 ). At birth, NBiW pigs weighed 1.81 kg (SD = 0.103) compared to 1.13 (SD = 0.109) in LBiW pigs (P < 0.001). By d 143 this difference had increased significantly, being almost an 8 kg difference between LBiW and NBiW pigs. Low birth weight pigs exhibited significantly lower ADG than NBiW pigs for all periods examined, with the exception of d 100 to 143, when there was no difference in the performance of the 2 birth weight categories (P > 0.05); however, the ADG of LBiW pigs was still slightly lower.
Milk supplementation (SUP or NSUP) had no effect on the BW or ADG of LBiW or NBiW piglets in MX litters nor was there any interaction between birth weight and milk supplementation. Neither milk supplementation nor birth weight had a significant effect on the CV of BW for all periods examined. However, there was a significant interaction between birth weight and milk supplementation for CV of BW for all days examined with the exception of d 1 (Table 3) . From d 14 to 143 the CV of LBiW pigs with milk supplementation was less than those without milk. In contrast, the CV of NBiW pigs with milk supplementation was greater than those without milk.
No difference was observed in the number of supplementary milk feeding episodes for NBiW and LBiW pigs in MX litters (7.42 versus 7.86; P > 0.05). On d 27 there was an effect of birth weight on supplementary milk feeding duration, with LBiW piglets drinking for longer than NBiW pigs (32.97 s, SD = 3.10, versus 20.09 s, SD = 2.89; P < 0.001) A comparison of the performance of LBiW piglets in LOW litters with NBiW piglets in MX litters showed an identical pattern of results to those of LBiW and NBiW piglets in MX litters. Birth weight has a significant effect on performance throughout with the exception of d 100 to 143.
DISCUSSION
This study investigated the effects of litter composition and milk supplementation during the suckling period on the behavior and growth performance of LBiW pigs to weaning and their long-term effects to slaughter. It was hypothesized that there would be an interaction between litter composition and milk supplementation, with LBiW pigs in mixed litters being more likely to benefit from milk supplementation due to greater competition from heavier littermates for limited resources (Milligan et al., 2002b) . The results suggest that 1) the weaning weight of LBiW piglets can be increased when grouped with similar weight littermates, although the effects do not persist to slaughter, and 2) the provision of supplementary milk does not improve performance but can reduce weight variation in LBiW pigs in mixed litters.
Consistent with the results of Milligan et al. (2001) and Kirkwood and Foxcroft (2005) , we found no effect of litter composition on piglet mortality. Other studies have reported reduced survival of LBiW piglets in mixed litters and differences in the weight classification of LBiW piglets could be the cause. Our study defined LBiW piglets as ≤1.25 kg, but previous studies have selected pigs of lower weights, for example, <1.0 kg (Milligan et al., 2002a,b) . As piglet birth weight decreases, this can have a significant effect on performance (Paredes et al., 2012; Douglas et al., 2013) and survivability (Bilkei and Biro, 1999) . Therefore, small differences in the BW of LBiW pigs may affect mortality.
Low birth weight piglets benefited from being crossfostered into a litter with other LBiW piglets, specifically during the later part of the preweaning period, exhibiting higher ADG and greater weaning weights. The results support the hypothesis of Cutler et al. (1999) and Fraser and Jones (1975) that LBiW piglets are at a competitive disadvantage when raised with heavier littermates. In contrast, LBiW pigs given access to supplementary milk Table 3 . The effect of birth weight and milk supplementation on the performance of pigs in mixed litters with both low birth weight (LBiW) and normal birth weight (NBiW) pigs (MX litters) from d 1 to 143. Low birth weight pigs were ≤1.25 kg and NBiW pigs were between 1.60 and 2.0 kg. One half of the MX litters were given supplementary milk (SUP) during lactation and the other one half was not (NSUP) demonstrated no improvement in performance. This was contrary to the expectation that LBiW pigs would benefit from additional milk, in particular those in mixed litters. However, there was an interaction between birth weight category and milk supplementation on the CV of mixed litters. Low birth weight piglets in these litters with supplementary milk had a lower CV from d 14 to 143 than those without supplementary milk. Such a benefit was not observed in NBiW piglets in mixed litters, which instead saw an increase in CV. This treatment interaction suggests that supplementing mixed litters with milk during lactation can decrease variation to slaughter in LBiW pigs, which would be advantageous. It is common farm strategy, in Europe at least, to cross-foster piglets to create littermates of similar weights, with the aim of reducing mortality and improving performance. However, research into this area has provided contradictory results. While Milligan et al. (2001) reported no statistical difference in the weight gain of LBiW piglets whether grouped with heavier or similar sized littermates, there was a tendency for LBiW piglets to gain more when grouped with heavier pigs. As this weight gain was most prominent in smaller litters with only 8 or 9 piglets, maternal resources of the sow were less likely to be limited and therefore piglets would not have been exposed to the same level of competition as they would in a larger litter. In contrast with the results of Milligan et al. (2001) , this paper and others (Deen and Bilkei, 2004; English and Bilkei, 2004) found a decrease in the growth performance of LBiW piglets when grouped with heavier litters. As effects were only observed in the latter part of lactation, it is unlikely that direct competition from heavier littermates was the cause of poor performance of LBiW piglets in MX litters. As ownership of a teat is usually established within the first few days after birth (McBride, 1963) , any effect of direct competition for access to a teat would have been expected within the first week following parturition. Instead, sow milk is likely to be the limiting factor for piglet growth, with a plateau in the amount available from d 21 onward as piglet demand increases (Klobasa et al., 1987) . As pigs with heavier birth weights can command higher quality teats, smaller piglets are more likely to suckle from the less productive posterior teats (English et al., 1977; Fraser, 1984) . Additionally, the BW of the pig may affect how well piglets can stimulate the teat. Algers and Jensen (1985) proposed the "restaurant hypothesis," in which the individual piglet effectively orders the size of its next meal by massaging its own teat after ejection. Therefore, heavier piglets that are able to drain and massage the teats more vigorously (Fraser, 1984) , are more likely to stimulate milk production, and have access to a great amount of milk at their teat at the expense of lighter pigs (Drake et al., 2008) , resulting in an unequal distribution of milk across teats in mixed litters.
Additionally, it was observed that MX litters suckled less frequently in comparison to litters composed of all LBiW piglets. The consequence of this is likely to be poorer performance for LBiW piglets in these litters unless they consume more milk per suckle (Campbell and Dunkin, 1982) . The cause of this difference in suckling bout frequency remains unclear. One possible explanation is that LOW litters initiate a higher number of suckling bouts towards the end of lactation, as they require a greater amount of milk than they are able to stimulate. While in the first few days following parturition suckling is initiated by the sow (Fraser, 1980) , as the piglets' age they are more likely to attempt to instigate suckling, although this is not always successful (Marchant-Forde, 2008) . If LBiW piglets drink less per suckle (Campbell and Dunkin, 1982) , they may therefore be more likely to solicit additional suckling bouts from the sow. More information is needed, however, to confirm the effect of piglet weight on suckling frequency and the reasons behind this.
Despite an advantage in the weaning weight of LBiW pigs grouped with other LBiW pigs, there was no significant benefit observed for performance to slaughter. A potential explanation for this lack of effect after weaning is that although numerical differences in BW are maintained to finishing, these relatively small differences cannot be detected in the latter stages due to the increasing weight variation, as put forward by Wellock et al. (2009) .
Nutrient intake of piglets can be limited during the lactation period, which can have a negative effect on growth performance (Pluske et al., 2005) . Therefore, providing additional nutrition such as supplemental milk replacer can result in improved BW gains to weaning (Azain et al., 1996; Zijlstra et al., 1996; Dunshea et al., 1998 Dunshea et al., , 1999 Wolter et al., 2002) . However, whether any benefits persist in the long term remains uncertain. In this study there was no effect of supplementary milk on the growth performance of piglets irrespective of birth weight or litter composition. Despite this, a difference in the behavior of LBiW piglets in different litter types was apparent, with LBiW in MX litters drinking the supplementary milk for a longer period than both heavier littermates and LBiW pigs in LOW litters. There are several possible explanations for this change in behavior but absence of any benefit. First, it has been suggested that as a result of nutrient restriction in utero, LBiW pigs have a reduced capacity for growth (Foxcroft et al., 2006) . However, as an improvement was observed in the performance of LBiW pigs in LOW litters this is unlikely. Second, it is possible that piglets did not consume enough milk for any difference in ADG to be observed, especially as in comparison to previous studies, milk intake was low (Azain et al., 1996; Wolter et al., 2002; Miller et al., 2012) . The ADMI for piglets in both LOW and MX litters during lactation was 167 mL/d, whereas Azain et al. (1996) had intakes of 471 mL/d in litters where the greatest effect on performance was observed. The provision of creep feed during lactation may have had an effect on supplementary milk consumption. Limited nutrient availability before weaning is a major determinant of ADG during this period (Klindt, 2003) ; however, if piglets are receiving sufficient additional nutrition from creep feed, this may reduce their supplementary milk intake. This is supported by the fact that previous studies, which saw a positive effect of supplementary milk on performance, did not provide creep feed (Azain et al., 1996; Zijlstra et al., 1996; Dunshea et al., 1998 Dunshea et al., , 1999 .
While the results presented here demonstrate that the performance of LBiW pigs can be improved, in comparison to NBiW pigs they still had poorer growth rates and were unable to catch up. Heavier birth weight pigs not only retained their BW advantage from birth but this difference increased with age. This has been observed previously, with preweaning management improving growth performance but inevitably birth weight always plays a greater role (Wolter et al., 2002) , with pigs that are inherently heavier performing better (Lawlor et al., 2002) . Only in the latter part of the finishers was a similar growth rate observed between the 2 birth weight groups, an observation that has been noted in previous studies (Gondret et al., 2005) . One possibility is that the pigs' environment in the later stages imposes a constraint and differentially affects pigs of varying weights. For example, pigs of greater BW have a lower thermoneutral zone (Baker, 2004) and, in situations of high environmental temperature, will show a greater drop in feed intake and thus a reduced growth performance (Nienaber et al., 1996) .
Conclusions
This paper offers novel insights in the management of LBiW pigs and their behavior during the lactation period when provided with supplementary milk. First, the results suggest that the weaning weight of LBiW pigs can be increased by cross-fostering LBiW piglets with similar weight littermates; however, this BW advantage does not persist long term. Second, the addition of supplementary milk does not benefit their growth but does reduce the variation in BW of pigs and an increase in the duration of supplementary milk intake was noted for LBiW pigs in mixed litters.
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